More than 50% of known species are invertebrates (World Conservation Union 2010). While many of these are small, inconspicuous and less charismatic than their vertebrate cousins, invertebrates are an indispensable part of a healthy ecosystem. They are primary, secondary and tertiary consumers, nutrient recyclers, and prey items for a wide range of other taxa.
slowly on mown treatments, particularly those that were sown, where oxeye daisy reflowered several weeks after mowing. However, neither butterfly abundance nor species richness regained levels comparable with those on treatments which had not been mown in the summer. Mowing in summer (at the end of June) was generally detrimental to butterfly populations since it removed nectar sources at a time which coincided with highest butterfly abundance. Although two months later there was little difference in flower abundance between cut and uncut treatments, in arable systems, where sources of nectar are patchy or scarce, large-scale mowing may remove all foraging areas except those accessible to the most mobile species, such as the vanessid butterflies (e.g. small tortoiseshell) during the period following the cut.
However, mowing is not always bad for butterflies. Summer mowing can generate late sources of nectar by delaying flowering or initiating reflowering. Currently, this approach is promoted by Entry Level Stewardship in England to extend forage availability for pollinators such as bumblebees (Natural England 2008) . Where sward diversity is low, for example where simple seed mixtures have been sown with few forbaceous species, limited-scale mowing may thus be used to manipulate nectar availability throughout the season. Memmott et al. (2010) suggest that climate change could reduce the length of season in terms of nectar and pollen provision for bumblebees, but this could be ameliorated by adding extra forage species which flower early in the season (such as red or white deadnettle Lamium purpureum, L. album) and at the end of the flowering season (such as scabious).
In our experiment, the chief advantage of sown margins lay in their ability to provide abundant nectar resources for adults. Indeed, the criteria used for selecting wildflower species for seed mixture included their nectar source potential, but not their suitability as larval food plants. Nonetheless the sown margins contained some grass species, such as red fescue Festuca rubra and small timothy Phleum pratense bertolonii which were potentially important hostplants for the satyrid butterflies, including meadow brown, and gatekeeper.
While sweep netting confirmed the presence of the larvae (in itself an important finding, as it showed that the butterflies were successfully breeding on the field margins), revealing which grass species they were actually feeding on was a highly challenging task. The larvae are extremely sensitive (falling from their plant at the slightest disturbance), unhelpfully green and hairy (making them difficult to see) and strictly nocturnal in their feeding habits.
Undaunted, over spring nights, we crawled along the field margins and managed to locate by torchlight 22 meadow brown and 19 gatekeeper larvae, and tag the grass blades they were consuming, for identification in daylight. To our surprise, we found the larvae to be feeding on a wide range of grasses, including two common and weedy species of farmland, sterile brome Anisantha sterilis and blackgrass Alopecurus myosuroides, and also ryegrass Lolium perenne, a widespread species of intensive grassland, and widely believed to be of little value as a butterfly foodplant.
For these two satyrid species, the results suggested that, where permanent grassy swards existed, other factors such as nectar source abundance were more likely to limit their populations on farmland than was the availability of the larval foodplant. However, many other farmland butterflies have more specific larval foodplant requirements. Common blue Polyommatus icarus larvae, for example, feed on bird's foot trefoil Lotus corniculatus or black medick Medicago lupulina, while small copper larvae rely on common sorrel Rumex acetosa, sheep's sorrel Rumex acetosella or occasionally dock species Rumex spp.; all of these species were found in the naturally regenerated, rather than the sown, swards. While the sown margins had significantly more species in total than the naturally regenerated margins, at least in part because of the complex seed mixture used, the numbers of unsown species that they accommodated were substantially lower. This effect persisted even twelve years after the field margins were established (Smith et al. 2010) . This implies that very widespread use of wild flower seed mixtures which do not include host-plants may not be advantageous to butterfly populations. In any large-scale restoration of uncropped field edges by wild flower seeding on intensively managed arable farmland, the inclusion of larval foodplants in the seed mixture, as well as adult nectar sources, is essential.
During the summer, adult females of many species were ovipositing and the larvae of some were feeding or completing their development on their host-plants. As well as affecting nectar source availability, mowing during any part of this period would have disruptive effects on these egg, larval, or pupal stages. For example, mowing during the spring or early summer can result in large-scale losses of larvae of species such as orange tip Anthocharis cardamines, whose larvae remain on a single plant of cuckoo-flower Cardamine pratensis or hedge garlic Alliaria petiolata to complete their development. The orange tip larva is so protective of its plant that the first one to hatch on a given plant will devour any other eggs that have been laid there -the conspicuous bright orange singly laid eggs are designed to deter other females from laying on the same plant. Other butterflies, such as small skipper Thymelicus sylvestris and large skipper Ochloda venata lay eggs within the grass sheath, which must remain undisturbed if the larvae are to develop successfully.
[ INSERT Fig 3.3] Evidence in support of a patchy rather than widespread approach to mowing management on field margins is neatly provided by the egg-laying habits of two species of farmland butterfly, the small tortoiseshell and the peacock. Both species lay eggs in clumps on common nettle Urtica dioica plants, which hatch into clusters of larvae (Fig. 3.3) . Data from the experimental margins on the location of these egg clusters revealed that ovipositing small tortoiseshell females almost exclusively preferred short nettle regrowth, in contrast to peacock butterflies which selected tall, mature nettle plants for egg-laying (Fig. 3.4; Feber et al. 1999) . Studies on small tortoiseshell larvae have shown that larval growth rates and pupal weights are significantly higher on nettle re-growth, the leaves of which are high in soluble nitrogen and water (Pullin 1987) . The bigger clumps of peacock larvae may need the greater volume of plant material and physical support of larger plants to complete their development. Furthermore, the flight periods of both species, as with many butterflies, can vary between years by several weeks according to the weather; higher temperatures leading to earlier emergence. The different requirements of these two species alone, together with variation in their phenology, illustrate the importance of not managing all margins in the same way at the same time on any given farm. Mowing different margins on a farm, or different sections of the same margin, will result in a heterogeneous sward providing breeding opportunities for a wider range of species. It may also have the benefit of extending flowering and thus forage availability for nectar and pollen feeders (above).
[Insert Figure 3.4 here] 
Margin management and Araneae, Auchenorrhyncha and Heteroptera
During the first four years of the experiment, a total of 111 species of spider was recorded from a sample of 51 775 individuals. Distinct patterns emerged, the most obvious of which was the significantly higher abundance and species richness of Araneae on uncut compared to cut plots (e.g. Fig. 3 .5). The timing of cutting was especially important. Both regimes involving cutting in summer were associated with a sharp reduction in the abundance of Araneae, which persisted throughout the year (Fig. 3.6 ), while cutting in spring and autumn, despite being the same frequency, had a much less severe effect. Immediately after cutting in spring, the abundance of Araneae was significantly lower compared to uncut plots, but numbers recovered relatively quickly (Fig. 3.6) .
Furthermore, the effects of summer mowing on spiders persisted into the following year (Baines et al. 1998; Smith et al. 1993) . Although the effects on spiders of cutting in spring were less persistent than those of summer cutting, they may have particular agricultural significance. Cereal aphids, for example, which overwinter on grassland and hedgerow species, colonise crops in May and June (Hand 1989) , and it is at this time that the predatory Araneae can potentially have most impact for crop pest control (Sunderland et al.1986 ). Management which increased the structural diversity of the field margin swards also increased the abundance and species richness of Araneae. This is likely to result from the requirement of many species of Araneae for specific web-building sites and from higher prey densities in taller vegetation (Southwood et al. 1979) . Thus, we found that the largest and most species rich communities of spiders were fostered in the absence of regular cutting.
In common with butterflies, two of the other invertebrate groups we studied benefitted from sowing. The abundance and species richness of both spiders and Auchenorrhyncha were higher on sown margins in the first four years of the experiment (Baines et al. 1998) . It seems likely that this was mediated via habitat heterogeneity (Macdonald et al. 2000) . Sown margins were likely to provide more heterogeneous habitat architecture, within which webbuilding niches were consequently more diverse. This hypothesis was supported by measurements of vegetation structure derived from combined measures of vegetation height and density (obtained using a modified sward stick; Butterflies Under Threat Team 1986). Vegetation structure was more complex on sown compared to naturally regenerated margins. The dominance of robust, branching species, such as oxeye daisy (Smith et al. 1994) , in sown plots is likely to have been important. The greater plant species richness of these swards (Smith et al. 1999) , again acting through structural changes, may also have increased the abundance of invertebrate prey.
In contrast to the Auchenorrhynca, sowing had no significant or consistent effects on the Heteroptera. The dietary plasticity of many Heteropteran species (many predatory bugs, for example, are able to feed on plants in the absence of prey) is likely to make them less dependent on plant species composition. Among the herbivorous species, one of the most numerous in our samples was Lygus rugullipennis, the tarnished plant bug, which feeds largely on common nettle Urtica dioica; this plant was significantly less abundant in sown than naturally regenerated swards. Auchenorrhyncha, while probably benefiting from enhanced physical heterogeneity of the habitat, are likely to be more dependent on the plant species composition of a habitat.
While the group is considered to have rather generalised phytophageous habits (Morris 1971), the majority is known to prefer grasses to other vegetation and some feed exclusively on grasses (Morris 1990). Phytophageous groups may in general show a more direct link with plant species diversity rather than structural complexity. We know that the sown margins in our experiment contained more grass species compared with unsown (Smith et al. 1993) .
Further evidence that spiders and Auchenorrhyncha were responding to different aspects of the changes in habitat heterogeneity resulting from the different management regimes was provided by their responses to herbicide spraying. Auchenorrhyncha showed a rapid but short-lived decline in the weeks immediately following spraying, while the effect on spiders was delayed by at least a month (Baines et al. 1998) . This is what we would expect if spiders were more influenced by vegetation structure than were Auchenorrhyncha, as the sprayed, but dead, vegetation stems remained intact for some time after the herbicide application.
Eight years after the field margins were established they were once again sampled for Araneae, Auchenorrhyncha and Heteroptera to investigate whether the pattern of effects of different management regimes on the invertebrate assemblages remained similar (Haughton et al. 1999) . All of the mowing regimes continued to have a negative impact on the invertebrates, and the most severe impact was that of mowing in summer compared to leaving margins uncut (Table 3 .2). This reduced the abundance of all of the invertebrates we identified. As in the first few years of the experiment, the timing, rather than the frequency of cutting, was more important. For example, cutting in summer only, or spring and summer, were more damaging to total invertebrate and spider abundance than cutting in spring and autumn (Haughton et al. 1999) .
[INSERT Table 3.2 here] The impacts on invertebrates of sown compared to naturally regenerated margins were less marked eight years after the margins were established (Haughton et al. 1999) . Of the three groups of invertebrates, only Auchenorryncha abundance was, by this stage, significantly increased by sowing. In our experiment, differences in plant composition between the sown and naturally regenerated sward types lessened over this time period (Smith et al. 2010;  Chapter 2, this volume).
We found no evidence that removal of the cut material was of any benefit to invertebrates over the first four year period (Baines et al. 1998) ; indeed, in the third year of the study, more spider species (mean = 15.8, SE = 0.8), were recorded where the cuttings were left, compared with 12.7 (SE = 1.13) species where they were collected. In a separate exercise, the rarely studied pseudoscorpions (also arachnids), were sampled from the field margins (Bell et al. 1999) . The ancestral habitat of these invertebrates is leaf litter, with deep woodland leaf litter providing an ideal stable environment. After eight years, leaving hay lying appeared to ameliorate the effects of the cutting regimes on this group of invertebrates (Bell et al. 1999) . Similarly, eight years after the start of the experiment, Heteroptera abundance was also significantly enhanced by leaving the hay in situ, perhaps through altering prey communities. Over the much longer term, one might predict a lowering of invertebrate diversity on these swards, mediated by nutrient addition translating slowly into reduced plant species richness. However, even after 13 years, there was no evidence for reduced plant diversity on the naturally regenerated swards where hay had been left lying (Chapter 2, this volume; Smith et al. 2010) .
Despite their contrasting ecologies, Araneae, Auchenorrhynca and Heteroptera all tended to be more abundant and species-rich on uncut compared to cut margins (Smith et al. 1993; Baines et al. 1998; Bell et al. 2002) . The removal of habitat structure, cover, and food by mowing make it likely that the majority of invertebrate groups would benefit, at least in the short term, from leaving margins uncut. However, in the short to medium term, some mowing is important if the plant species richness of the margins is to be maintained (Chapter 2, this volume; Smith et al. 1994) , this also having knock-on effects for species richness of the invertebrate assemblages.
